Mechanism of mevalonate pyrophosphate decarboxylase: evidence for a carbocationic transition state.
Mevalonate pyrophosphate decarboxylase catalyzes the decarboxylation of mevalonate pyrophosphate to isopentyl pyrophosphate. The mechanism of action of this enzyme was investigated to elucidate the mechanism of inhibition by 3-hydroxy-3-(fluoromethyl)-5-pyrophosphopentanoic acid (II). It was previously found that II is a competitive inhibitor (Ki = 0.01 microM) of the enzyme reaction [Reardon, J.E., & Abeles, R.H. (1987) Biochemistry 26, 4717-4722; Nave, J.F., d'Orchymont, H., Ducep, J.B., Piriou, F., & Jung, M.J. (1985) Biochem. J. 227, 247-254]. We have now observed that II is decarboxylated 2500-fold more slowly than mevalonate pyrophosphate (3-hydroxy-3-methyl-5-pyrophosphopentanoic acid, I). The enzyme was exposed to saturating concentrations of II and ATP and then passed through a Penefsky column to remove excess substrate. The enzyme was denatured immediately upon emerging from the Penefsky column. Nearly 1 equiv of both 3-phospho-3-(fluoromethyl)-5-pyrophosphopentanoic acid and ADP was bound to the enzyme. 3-Hydroxy-5-pyrophosphopentanoic acid (III) is phosphorylated at the secondary hydroxyl group and released from the enzyme without decarboxylation. This reaction is 30-fold slower than the rate of decarboxylation of I. The introduction of the 3-fluoromethyl group as well as the removal of the 3-methyl group results in low rates of decarboxylation. These substrate analogs have decreased electron density relative to the tertiary carbon of the substrate. Therefore, the transition state of the decarboxylation step has considerable carbocationic character. Further support for the carbocationic transition state is provided by the finding that N-methyl-N-carboxymethyl-2-pyrophosphoethanolamine (IV) inhibits the enzyme reaction with Ki = 0.75 microM. IV is probably a transition-state analog in which the positively charged nitrogen atom is analogous to the carbocation.